Design Ideas 



Edited by Bill Travis & Anne Watson Swager 



PLL implement FPG/V-based SDRAM coEtroUer 

fODV Debabrb, Barco Graphics, Ghent, Belgium 



As FPGA capabilities increase and time to market decreases, 
FPGAs gain more acceptance for implementing both data 
and control paths. Thus, they find wide use as controllers 
and datapath glue logic for fast-page DRAMs. Synchronous 
DR/\Ms (SDRAMs), whose control signals use a clock input 
as reference, are a natural target for FPGA-based controllers. 
SDRAMs operate at frequencies of 100 MHz and higher (in 
contrast with fast-page DRAMs, for which a 60-MHz memo- 
ry-system clock was considered high). Figure 1 shows a way 
to implement FPGA-based SDRAM controllers. Figure 2 
shows the timing for a Xilinx XC4010E-2 device. You can 
apply the method to FPGAs from other vendors, as well as 
to high-frequency systems other than SDRAMs. 

When you use FPGAs, delays to get on and off chip add 
up quickly; clock pin to internal clock buffer for the internal 
clock-distribution net (5.4 nsec) and internal clock to output 
flip-flop (4.5 nsec minimum). The sura of these delays 
excludes an FPGA from application with SDRAMs using a 10- 
nsec clock period, considering a 3-nsec setup time for the 
address, control, and data-out signals. Figure 1 shows how 
to use a PLL with an FPGA and how to implement clock and 
control-path signals to make FPGA-based SDRAM con- 
trollers that operate at 100 MHz and beyond. The SDRAM 
address, data, and control signals use the memory-system 
clock, MCLK, as reference and the FB signal from an FPGA 
output pin as feedback. 

Because the PLL loop uses no dividers, MCLK and XCLK 
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The u$e of a PLL with an FPGA eliminates the setup-time prob- 
lems inherent in an FPGA-only configuration, allowing you to 
d^n SDRAM controtters for dock frequencies of 100 MHx 
anil beymd. 



have the same frequency. When the PLL locks, the XCLK sig- 
nal precedes MCLK by a time equal to the sura of the clock- 
buffer delay (from XCLK to ICLK) and the combinatorial 
output-buffer delay (from ICLK to the PLL feedback pin). The 
address, control, and data-out signals obtain their clock sig- 
nals from ICLK. Because the delay from ICLK to the clocked 
output pin (7.0 nsec for the slew-rate-limited output) is close 
to but higher than the delay from ICLK to the FB output pin 
(4.8 nsec for a fast output), the clocked output appears aiiriy 
in the CLK period. 

The required SDRA setup time is thus easily fulfiHed in a 
100-MHz system: (10-(7.0-4.8))>3 nsec. Note that changes 
in temperature, IC processes, and voltage have little influ- 
ence on performance, because the XCLK clock-generating 
circuit is a closed-loop system. Moreover, the output buffer 
of the FB pin and the control and data pins have the same 
clock input as does the input pin, and all circuit blocks reside 
on the same die. Tests designed to check the data-input 
setup-and-hold times used a clocked input flip-flop (in the 
same I/O block as the data-output flip-flop), which received 
its clock from an internal version of MCLK. This configura- 
tion avoids excessive hold-time requirements for the 
SDRAM. (Editor's note: An EDN contributing editor warns that 
the 7.0-4.8 nsec reflects maximum specified times for tiie 
XC4010E-2 and yields an acceptable margin for an SDRAM with 
1.5-nsec mimmiim hold time. However, an FPGA nitming at 
typical specs may present a marginal situation.) Tests using the 
AV9170-01 PLL from ICS show satisfactory performance to 
106.25 MHz. (D1#2165) 
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(1 ) XCLK TO ICLK INTERNAL CLOCK-BUFFER DEWY: 5.4 rrSEC. 

(2) ICLK TO FB COMBINATORIAL FAST OUTPUT-BUFFER DEUY: «.6 nSEC. 

(3) ICLK TO SLEW-RATE-LIMITED OUTPUT DELAY, 7.0 nSEC. 

(4) ACHIEVED CONTROUADDRESS/DATA-OUT SETUP 
TIME TO SiWIiltti MOiSffHeo Utt^UB Q.t 



Figure 2 



The timing for a Xilinx XC4010E-2 device shows 7.0-4.8=2.2 
nsec, an acceptable figure for an SDRAIM with T.S-nsec wki\- 
mm Iwhf time. 
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Campamtar uses signal-dependent hysteresis 

P Krshuk and l Sliwczynsk], Univebsity OFliBimNQ AND MsTALLvmv, Kraxow, Poland 



Sometimes, you need to distinguish between two voltages, 
using some hysteresis in the decision. When the levels of the 
compared signals vary over a wide range (for example, a few 
orders of magnitude), the hysteresis width should vary sim- 
ilarly to ensure a constant ratio between hysteresis width 
and signal level. You could encounter such a situation, for 
example, when you need to decide which of two transmis- 
sion channels conveys a "higher quality" signal (one with a 
higher level). You need the hysteresis to avoid permanent 
changes in the decision when the signal levels are close to 
each other. In this case, the best way to choose the greater 
voltage is to make the decision by taking the ratio of the sig- 
nals instead of comparing them directly. Figure 1 shows a 
circuit with signal-variant hysteresis. 

Amplifiers IC,^ and IC,^ with associated resistors and 
diodes, R,, R^, D^, and D^, operate as logarithmic converters, 
producing output voltages 



combine in the summing amplifier, IC,,-. Using the assump- 
tion that R,=Rs and R^^R^ and that the diodes are matched, 
the output voltage from IC,^ is 



Vo3 = ^(Vo2-Vo3) = V 

R-, 



R3 



The voltage is thus proportional to the ratio of the input 
voltages. The last amplifier in the circuit, 10,^, is a standard 
inverting comparator with hysteresis centered around zero 
and the threshold levels: 



V V +■ 



R-J + R; 



The voltage swing at the output of the circuit (V^^^,, V ,,,), 
is a function of the limiter comprising resistor R.^ and diodes 
to D^. The output voltage, V^^, changes state when 
Vp3>V"^i^ (output goes low) or V(,j<V-„ (output goes high). 
These conditions correspond to 



where V|=kT/q~2S mV at room temperature, and I, is ttie 
saturation current of the p-n junction. The derivation of the 
e^attion assumes that R,=Ej=R. Next, voltages V^, and V^^ 



V[, >V[2exp 



Vh'. R3 



R4 



or V,| < Vj2exp 



■4i 



Figure 1 
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The design allows you to distinguish 
between two signals, with a tolerance 
set by the external components, R,, R^, 
R,, and R„. When V\^=\V\,^\, the toler- 
ance is symmetrical. With tlie given 
values, the output state changes when 
one input signal is approximately 30% 
higher than the other. If you need t6 
use the circuit over a wide temperature 
range, you should take the thermal 
dependence of the threshold levels into 
consideration. The circuit uses an 
LM324 quad op amp. If you use a rail- 
to- rail amplifier (for example, the 
LMC6484), the output limiter is unnec- 
essary. (Dl #21 6S) wm 
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Signal-variant hysteresis allows you to compare signals wfth a constant-r^io trip 
utindow for a wide range of signal levels. 
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Simple LCD inter&ce takes two wires 

Ed Maste, Jem Designs, Pickering, ON, Canada 



Alphanumeric LCD modules can provide an attractive dis- 
play for a project, but their parallel I/O lines require a large 
number of outputs from a |xC. For example, a direct I CD 
interface would consume all of the I/O pins of a smaU. p,C, 
such as the eight-pin PIC12C508 from Microchip Technolo- 
gy (Chandler, AZ). 

However, the circuit in Figure la implements a docked 
serial input for an LCD module and allows a ixC to commu- 
nicate with the LCD over just two signal lines. You can fit 
the circuit onto a small pc board and mount the board direct- 
ly behind the LCD module. The connection between the 
board and LCD module comprises just four wires, including 
V(,^ and ground. 

A 74LS164 serial-to-parallel shift register forms the 
heart of the circuit and communicates with the LCD mod- 
ule in 4-bit mode. The shift register's outputs directly drive 
the LCD module's data inputs, DB7 through DB4, as well 
as RS, the control/data select input. The only signal that is 
not a direct output from the shift register is the LCD mod- 
ule's enable pin, which iis Pin 6. V.^ and D, derive the enable 
input and ensure that the enable signal remains low until 
valid data is present at all other outputs. R, is a current- 
limiting resistor for an LED backlight if the LCD module 
has one, and and R., set the contrast level of the mod- 
dL<s. You can replace with a potentiometer if an 



adjustable contrast level is desirable. 

The fiC must first clock in at least seven zeros for the first 
write (Figure lb). This series of zeros guarantees that output 
of IC, is low and will remain so for the next six clock 
cycles. This low level ensures that the enable input (Pin 6 of 
the LCD module) remains low because of diode D,. The ser- 
ial-input stream then must consist of a one, followed by RS, 
and finally DB, through DB^. With the data input low, an 
additional clock pulse shifts in a zero and lines up all of the 
outputs to the LCD module with the correct shift-registier 
pins. The first clocked-in one now appears at C^^, which 
reverse-biases D^. The enable continues to remain low 
because the data input to the circuit is low, and this situa- 
tion pulh the enable low through R^. The data input then 
must go high for at least 450 nsec wfthout a clock pulse to 
provide the enable pulse for the LCD module. This process, 
including ckicking in at least six zeros, is then repeated for 
the next 4-bit write. 

For further information, including minimum cycle times 
and 4-bit-mode communication, consult the technical doc- 
umentation provided by an LCD module manulacturer, 
such as Optrex (Plymouth, MI). (DI #2177) 

To Vote For This Design, dfcle No. 417 



FiGUftE 1 



Vcc 
Q 



TWO-SIGNAL 
WIRE 
Y CONNECTION 



SERIAL DATAO- 
CLKO- 



100pF:i= 
ilOOpF J_ 



0.1 (IP 



m 




DATA 



ALWAYS ALWAYS 
: "1" RS DB7 DB6 DBS 0B4 "0' 

■ ■ ■ n s H 
IWH PWl - 



Cl-OCK 



RE8fT SHIFT RBQISTE« \ 



(b) 



CLOCK PATA TN 



rL 



STROBE LCD 
MODULE 



Using a 74LS164 shift register and 4-bit communication, a |jiC can control an LCD module using just two lines: serial data and 
dotk (a). The fj^ must first clock a series <rf Msros to the circuit, feituwed by a one, RS, and D6^ through (b). 
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kexpensive logic controk stepper motor 



ccw 

(a) 



DAvm Sllis, Ellis Lindai^ Pullman, WA 

A number of sophisticated ICs for step- 
per-motor control are now available. 
However, the advanced features of 
these chips — self-clocking, high-cur- 
rent drive, and full-step, half-step, and 
direction control — are often unneces- 
sary or remain unused. For a design 
that needs to control only the number 
of steps, drive speed, and direction, you 
can make a very simple and inexpen- 
sive driver using twO low-level logic 
chips (Figure 1). The cost of this con- 
troller is less than $1; the cost of dedicated motor-control ICs 
starts at around $5. The drawback is a slight increase in board 

Going back to the basics, you can control a standard step- 
per-motor drive, whether bipolar or unipolar, using a four- 
step sequence (Table la). By replacing the on and off states 
with ones and zeros, respectively (Table lb), Column B 
becomes the logical inverse of Column A, and Column D 
becomes the logical inverse of Column C. Thus, the corre- 
sponding state diagram (Figure 2) comprises just 2 bits. 
Clockwise rotation results from using a logical one to move 
sequentially from state one to state four and back to state 
one. Likewise, counterclockwise rotation results from using 
a logical zero to move through the states in the leveise 

0fdK. 



Table 1— Stepper-motor-drive sequence 
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(b) 



You can then produce the prcsent-state/next-state assign- 
ment (Table 2) and the next-state maps (Figure 3). Then, by 
inspection, the logical choice is to loop the state maps out 
for D flip-flops, which produces the following two logic 
equatiom." 



DA=((DIR)(C))+((niR) (O); 
DB=((D1R) (A))+((D1K) (A)). 



(1) 
(2) 



Equation 1 is an exclusive NOR, and Equation 2 is an 

exclusive OR. To save space, you can use a single quad XOR 
chip to implement both equations. A dual D flip-flop com- 
pletes the logic driver, as Figure 1 shows. Using rising-edge- 
triggered D flip-flops helps keep the design simple while 
eliminating mode-change faults. 
The cicQuil derives the four outputs from the Q anit Q 
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Two logic-level ICs can implement simple and inexpensive control of a stepper-motor driver. 
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Figure 2 




The state diagram for the stepper-motor controller compriv 
es fust 2 bits, 

outputs of D flip-flops iCj^ and IG^^ in Figure 1. IC, ,^ XORs 
the Q output of flip-flop IC.,^ with the DIR input, and the 
circuit translorms the output into an XNOR by using ICjg 
as a controlled inverter. IC,g then drives the D input of flip- 
flop IC^^. Similariy, IC,^. XORs the Q output of IC^^ with the 
DIR input. The output of ICjc drives XOR ICj^^, which acts 
as a noninverting buffer. The output of 10,^^, drives the D 
input of IC,jj. Using XOR gate IC|^, as a buffer keeps the 
propagation delays to the D inputs of ilio ilin-tlops equal, 
which helps the circuit avoid any race conditions. The STEP 
signal is the stcfp-rate input, which drives the dock inputs 
of both flip-flops. 

The last design task, is to add the appropriate-sized tran- 
sistors to drive the stepper motor. Iii the case of the unipo- 
lar motor, output signals A, B, C, and D can directly drive 
the transistors. To drive a bipolar motor, you can use the A 
and C outputs to drive one-half of two H-bridges and the B 
and D outputs to drive the other conesponding half of tiiie 
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Tlie next-itate maps correspond to two simple logk equa- 
tions. 



T/KBLE 2 — PRESENT-STATEINEXT-STATE 
ASSIGNMENT TABLE 
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H-bridges. This dt'^ig i possitilc because the B tiutput is 
the inverse of A, and D is the inverse of C, (Di #2176) 
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Low-voltage reset cperates below 2.7V 

Bob Kelly, Maxim Ihtegratsd Products, SwtiYVALe, CA 



New personal digital assistants, pageis, and other battery- 
powered systems operate at or below 2.7V, but power-on 
resets with thresholds below 2,6V are not commonly avail- 
able. You can resolve this problem using a circuit that com- 
bines a 1.2V reference and a micropower regulator (Figure 
la). ICj integrates these two functions in a tiny SOT-143 
package. A powei-on-reset function must become active 
before the supply voltage reaches its nominal value, and ICj 



operates properly for supply voltages above 1.21V. 

The R,,/R.^ divider and Internal 1.204V reference establish 
a threshold that determines when the circuit asserts an 
active-lovir at the output. For the values in the figure, this 
threshold is 2.25V (Figure lb). IC, has an open-drain out- 
put, so R^ and C, control the length of the active-low pulse, 
RESET. In this case, the pulse length, or reset interval, is 
approximately 54 msec, which is sufficient reset time for 
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most jxCs and other digital circuits. 

Low power consumption distinguishes this circuit. The 
IC typically draws only 5 (xA, and the R./R^ divider draws 
slightly more than 1 (jiA in a 2.7V application. PuUup resis- 
tor Rj consumes power only when the supply voltage 
droops out of tolerance, so I he jiower loss is minimal in nor- 
mal operation. 

To prevent erratic behavior, IC, offers approximately 6 mV 
of built-in hysteresis. For more hysteresis, you can add a 
large-value its^^„ R^yj^ between the IC'sirxput and output; 



to reject short transients, IC^ has an inherent glitch immu- 
nity of 35 |xsec with 100 mV of overdrive. The input capac- 
itance works with R, and to provide some lowpass-filter 
action. For further immunity from transients, which is 
unnecessary unless the power bus is noisy, you can form an 
additional lowpass filter by adding a small-value capacitor, 
Cq, to the input pin. (Dl #2174) 
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Alternating LED blinker uses four parts 

Andy Meng, Cincinnati, OH 

The circuit in Figure 1 is an easy-to-make attention-getter 
and runs for a week or longer on two AA cells. In September, 
I used this circuit for a school fundraiser, and it helped me 
generate more than $100. My dad showed me a circuit in 
EDN that did the same thing, but it uses more parts (sec 
"Alternating LED flasher uses minimal parts," EDN, Nov 20, 
I99f, pg 104). 

The main element of this circuit is LEDj, a Radio Shack 
276-036 blinking red LED. D, can be almost any sil it i >t\ diode. 
The forward bias of D, brings the turn-on voltage of LED^ up 
to 2.5V. R, is a current-limit resistor for LEDj, and this resis- 
tor also reduces the current of LED, for longer battery life. 

LED, is a Radio Shack 276-041 red LED. When you apply 
power, LED, turns on and drops the voltage across LEDj to 
IV. When LED, turns off, the voltage acioss LBPj equals 3V, 
and LED, turns on. (DI #2172) 
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Iflb bflMting-LiDciRiiit, designed by a seventh grader, uses 
only f(Hir parts. 
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Spice generates PSK and FSK signak 



Debra HoRvrm Qmahad StsTms, laguna Hius, CA 



Figure 1 
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Creating generators for amplitude-, fre- 
quency-, and phase-modulated signais 
can greatly simplify communication- 
system simulation. Although Spice 
includes a basic set of waveform gener- 
ators, it includes no built-in support for 
many types of signals. You must create 
these signals from combinations of ele- 
ments, and you can create variations of 
these built-in generators using Spice 2- 
dependent sources. However, using 
dependent sources to generate complex 
waveforms can require fairly complex 
Spice subcircuits. 

Fortunately, the nonlinear, arbitrary 
dependent source — the B element — in 
Berkeley Spice 3 and IsSpice4 (Intusoft, 
San Pedro, CA) provides a quantum 
leap in capability over Spice 2-depen- 
dent sources. The B element is more 
versatile and easier to use. For example, 
Listing 1 is the IsSpice4 subcircuit for a 
parameterized phase-shift-keying (PSK) source; Listing 2 is 
the subciTcuit of a parameterized frequency-shift-keying 
(FSK) source. Figure 1 shora.the j^aitafflt 010^ 
each subcircuit generator. 

The PSK subcircuit produces a cohererit toai?' iE^SK li|p»I 
amaxiing to the following equations; 




250 



I 



The behavioral and mathematical ci^abilittes of Spke 3 and if$pice 4 make it 
to create PSK and FSK signals. 



nal according to the following equations: 



=5 ii. 



S2(t) = , 



>sin(2;rf,t). 



§2(1) = -. 



'sin(2;rft). 



where EB is the transmitted energy per bit, TB is the bit dura- 
tion, and f is the transmission frequency equal to NC/TB. 
(NC is an integer constant, and the period is 2xTB; thus, ibe 
liuty cycle equals 50%.) In Listing I, the input voltage 
S5urce, VSIG, produces the polar form of the input signal. 
Using the Bl element, the subcircuit multiplies this input by 
the local oscillator voltage, VLOl, to produce the PSK out- 
put signal. 

The subcircuit, FSK, produces a coherent binary I SK siq- 



Listing 1—IsSpice4 suborcwt 
for psk source 



.SOBCKT PSK 3 ; Signai 5w*«s*t«ft #tSr K§« 

VSIG 2 PULSE (-(EBj-^ai t{EiB>'»21 Iftf {TF) 

+ [50/100* (2*TB-TR-TF) ) (2*TBi 
Bl 3 V = V(l) * V(21 

.ENDS 



where f , is the high-bit transmission frequency, and f^ is the 
low-bit transmission frequency. The frequency, fj, is equal to 
NC+l/TB. 'I he frequency, f^, is equal to NC-i-2/TB. For sim- 
plicity, twt) pulse generators, VSIG and VSIGN, produce the 
input signal, m(t), and the inverse of the message signal, 
M(t), respectively. Again, using the Bl element, the subcir- 
cuit code multiplies these signals by the appropriate fre- 
quency generator: VLOl for logic high and VL02 for logic 
low. The sum of the resultant signals ptoduces the FSK out- 
put signaL (DI #2173) 
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Listing 2 — Subcircuit for FSK source i 



.SUBCKT FSK 5 ; Signal Generator for FSK 
VSIG 3 PULSE ((EB>''2) (TD) (TR) 

{50/100-* !2*TB-TR-TF) ) (2*TB) 
VSIGN i PULSE ((EE) •^2} (TD) (TR) 

(50/100* (2*TB-TR*Tr) ) {2*TB> 
Bl 5 V - (V(l) * V(3)) + (V(2) * V(4n 
VLOl 10 SIN D t(2/SS)^3) n>JC+l)/tBJ 
VL02 2 8IN ( ti/W)*?! f iipc*2}/rBr 
.ENDS 



:tf) 



(TF) 
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Frequency multqilier imptwes line readings 

YoNGnmsXiA. Teldata Mq Im ANQ^Mi, Cft 



Because of the low frequencies involved, accurately mea- 
suring line-frequency variations is complicated. When you 
use an ordinary frequency counter with a 1-sec gate time, 
the reading would be 59, 60, or 61 Hz. To obtain 0.01 -Hz 
accuracy, you must increase the gate time to 100 sec, a scale 
tliat most frequency counters do not offer. Moreover, read- 
ing updates are slow with this scale choice. One way to 
improve reading accuracy without sacrificing update time is 
to use a frequenc}' multiplier. For instance, a frequency 
counter with a 1-sec gate time could provide 0,01-Hz accu- 
racy if you multiply the line frequency by 100. Traditional- 
ly, you would configure the multiplier by using a VCO, a 
PLL, a frequency divider, and a lowpass filter. Figure 1 shows 
another method, using only one component, to mwlt^ly 
the line frequency. 

The P1C12C508 is an eight-pin, low-cost jjlC. It has a built- 
in 4-MHz oscillator and a reset circuit; it thus needs no exter- 
nal components. One of the [jiC's unique features is its soft- 
ware-based clock-frequeiHv calibration. The controller 
dedicates one register, OSCCAL, to the calibration function. 
The upper 4 bits of OSCCAL accommodate 16 steps of cali- 
bration. Each step changes the clock frequency approxi- 
mately 1.6%. The maximum change is approximately 25%. 
The line signal routes to the ixC's GP3 pin. When the con- 
troller detects a low-to-high change in GP3, the program 
generates TOO pulses on GPS and ignores the condition of 
GP3 (Listing 1). It then recherks the status of GPS. A high 
value for GP3 means that the piilse generation is too slow; 
OSCCAL then increases by one step. It GPS is low, then a 
counter operates until GPS goes high. 
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Figure 1 
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An inexpensive |xC, usiitg no external componenti, allows you 
to measure line frequency PM V^ acairacy. 

The number in the counter represents the delay (t^^,) 
between the last pulse and fee next line-signal change. The 
(xC compares t^ with a fixed number. If t^^ is larger than that 
number, indicating that the clock frequency is too high, the 
value in OSCCAL decreases by one step to slow down. If t^^, 
is smaller than the fixed mini her, the value in OSCCAL 
increases by one step to speed up. Thus, the automatic clock- 
frequency adjustment continudusly sends a signal at 100 
times the line frequency. Note that, because of the calibra- 
tion range, this approach has a limited input-frequency 
range. However, it accommodates line-frequency measure- 
ments from 58 to 62 Hz. You can download the assembly 
code from EDWs Web site, www.ednmag.com. At the regis- 
tered-user area, go into the Software Center to dowrlload the 
file from DI-SIG, #2182. (DI #2182) 
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Listing 1—4*lCi2C50B code for line-frequency measurement 



status 
oscca.1 
gpio 



ADKt 1 



org 

nnvlw 

movwf 

movlw 

tris 

btfec 

goto 

tttovlw 
movwf 

ba£ 
call 

bcf 

decf az 

goto 

goto 

call 

goto 



0x03 
0x05 
0x06 



0x07 
0x08 
0x09 



osccal 
0x1 f 



If J 

OxSi 



dly 



gplo, $ 
cnt:_l, % 
nexti 

dly 



wait xBgmfc loiW 



dly 
dly_lp 



goto 

incf 

btfss 

goto 

lEiovf 

btfss 

goto 

IB»1«1W 

goto 
goto 



movlw 

b&XfC! 
go be 



movlw 

andwf 

movlw 

addwC 

bt£as 

goto 

jiubwf 



movlw 
movwf 
dec fa z 
goto 
retlw 

end 



next 2 
cnt_4, 1 
3Pio, 3 
Ip 5 

cnt_4 , 
status , Z 
freq^doim 
0x30 

cnt_3 , 
status, C 
£ req_up 
f req_dowii 



OxfO 



OxfO 
oeccal , 
0x10 
oeccal , 
status. 



0x18 
ant 2 
cnt_2, 
dly i/jf 

o«ifflir 



iRtR iti0m 



d*cr«a6» tiutqpaaey try 



dal^y 1@^ 
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Design Ideas 



In program mode (with S, grounded), the EA input is at giammable memoiy device. Listing 1 shows the PAl 
logic " I." The PAL routes the read and write signals from the tjtons. (pi #1834) 
^jlC to the programmable device^ RD and WR inputs, respec- 
tively. The |jlC executes instructions from its inlernal ROM. Ta Vote For This P»ign, Circle No. 362 

The ROM contains bootload program code that receives ~ ' 

data from the RS-232C interface and programs the pro- 



Supervisory IC makes simple line monitor 



Hmuo fiotmei Tavares, FL 

You can use the MC34161P universal voltage monitor to 
build a simple ac power-line monitor (a voltage-sensing 
rflay). In this application (Figure 1), the mode select pin (pin 
7} connects to the internal 2.55V reference (pin 1), and the 
IC functions as a positive-voltage window detector. 

A small signal transformer provides total isolation from 
the power lines and performs a unique role in the circuit. 
During the positive half cycles of the line voltage, the trans- 
former fu! tions as a conventional power transformer feed- 
ir^ a 15V power supply through a half-wave rectifier. When 
the tine voltage is negative, the transformer becomes a 
potential transformer accurately sensing the amplitude of 
the power line's voltage. During negative half cycles the 
transformer is essentially unloaded, thus eliminating all 
errors due tu changes in loading (such as relay energizing or 
de-mergiziiig). 



The voltage-sensing circuit consists of R^ through R^, C,, 
and Dj. The circuit responds to the peak value of the 
(assumed) sinusoidal line voltage. The response times to 
increasing and decreasing voltages are different; charges 
very quickly to the peak of the transformer's secondary volt- 
age but discharges slowly through the voitage-divlder net- 
work. This feature enables the voltage monitor to 
momentary dips in line voltage and to quickly discor 
the load in case of overvoltage. 'I'hree LEDs provide vis^ 
indications of low, normal (in-band), or high line voltage. 
The relay de-energizes when the voltage is either too low oi 
too high, which in turn discoimects the load from the ' 
(DI #1831) 
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Figure 1 



1W AC 



2N3904 




1N4002 



RELAY CONTACT 



NOTES: 

RELAY=T77555D1 12 (POTTER-BRUMFIELD) 
ADJUSTMENT OF Rj SETS RELAY LOW AND HIGH VOLTAGE 
DROPOUT POINTS AT 100V AND 125V AC, RESPECTIVELY. 



This drcuH uses the MC34161P untven«l voftage monitor as a shnple power-Une monitor. 
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